In the experiments reported here, female subjects were presented with reasoning tasks that changed from solvable to unsolvable, evoking "learned helplessness" or "loss of control" reactions in some subjects. Significant differences in slow cortical potential (SCP) changes were found between emotionally highly and lowly reactive subjects (grouped according to responses in postexperimental questionnaires) when processing unsolvable tasks. Cortical LORETA (Pascual-Marqui, 1999) of SCP topographies (Bauer, 1998; Bauer et al., 2000) and subsequent statistical nonparametric mapping (SnPM; Nichols and Holmes, 2002) analysis indicate clear reduction of anterior cingulate activity only with emotionally highly reactive subjects. In these subjects a region of the brain that is indispensable for goal-directed handling of tasks was switched off, whereas regions that are primarily engaged in processing the task stimuli were even more active during loss of control, although not at a statistically significant level. According to Carter et al. (1999) the anterior cingulate monitors the conflicts among brain regions and issues calls for further processing to the PFC that then guides behavior toward a goal. Learned helplessness might then be seen a state in which the function of the anterior cingulate is no longer maintained, perhaps due to the inhibitory influence of the amygdala possibly mediated via the brainstem dopaminergic ventral tegmental area (Davis et al., 1994; Goldstein et al., 1996) .
Introduction
In 1999 Fretska and coworkers reported event-related potential (ERP) data that they had acquired in a study in which subjects had to process "reasoning tasks" (number completion tests) that turned from solvable (control condition) to unsolvable (withdrawal of control condition) during the course of the experimental session -a procedure designed to evoke the so-called "learned helplessness" or "loss of control" phenomenon. Multichannel, event-related slow cortical potentials (SCPs) recorded during the "control" and "withdrawal of control" conditions revealed a positive-going potential shift during the latter, except for the very frontal sites for which the opposite pattern was observed, as can be seen in Fig. 1 .
Following the traditional interpretation of SCP changes (i.e., equating negative-going changes with neuronal excitation and positive-going changes with reduction of cortical activity), related rCBF-literature available at that time did not consistently reveal a cortical activity pattern that would have been clearly in line with the electrophysiological changes observed. To our knowledge only one brain imaging study exists that has employed an experimental paradigm comparable that used in the Fretska et al. (1999) work. Applying solvable and unsolvable anagrams and using PET, Schneider et al. (1996) found neocortical rCBF increases in midfrontal, inferior frontal, and inferior temporal regions when subjects were presented with unsolvable items. This study also observed increased hippocampal and decreased mammillary bodies rCBF values when subjects processed solvable tasks, which reversed with the unsolvable items, showing a remarkable rCBF increase in the amygdalae. In a study by Baker et al. (1997) , lateral orbitofrontal cortical areas showed enhanced rCBF during elated and depressed mood induction, modulation of emotional states, and conscious experience of those emotional states. In the depressed condition, rCBF decreased in the rostral medial prefrontal cortex. In the same study, however, when investigating the interaction between experimentally induced mood states Fig. 1 . Changes of the grand mean mappings from control (Induction 1 and Induction 2) to withdrawal of control (Withdrawal 1 and Withdrawal 2) (Fretska et al., 1999) . Fig. 3 . Cortical areas active during Induction 2. LORETA of the grand mean SCP topography of all subjects; red indicates activity. and cognitive processing, reduced rCBF was observed during both elevated and depressed mood states in the cortical areas relevant for the verbal fluency task (left prefrontal, premotor cortex, and cingulate gyrus) and, specific to the depressed mood, an attenuation of the anterior cingulate. However, these rCBF changes only partially fit the electrophysiological pattern. The Fretska et al. study remained speculative regarding a final conclusion, being that the positive-going shift observed in the "withdrawal" condition might have been generated to some extent by activity in the basal surface of the temporal lobes and the amygdalae. This activity would have contributed as negative-going slow potential shifts via the linked mastoids reference site.
This conclusion, somewhat unsatisfactory because of its merely indirect support, initiated the present study, which aimed to test this hypothesis using a noncephalic reference (Stephenson and Gibbs, 1951) , as suggested by the original authors. Additional encouragement to run a repeat study came more recently from the results of rCBF studies that reported, during mood states that may accompany learned helplessness, deactivation in various cortical areas. These results appear to some extent consistent with the electrophysiological pattern shown in the original study. Mayberg et al. (1999) observed a decrease in rCBF in the right dorsal prefrontal, inferior parietal, right temporal, and bilateral inferior frontal cortical regions during induced sadness. Simpson et al. (2001) also observed decreases in rCBF in two regions of the medial prefrontal cortex (MPFC) during induced anticipatory anxiety, and activity of the anterior part of the MPFC (BA 10 and 32) may also be detectable by EEG-based localization methods.
Also, source localization methods have improved in the interim and now constitute a more valuable tool for EEGdata analysis. In order to relate our scalp recorded SCP data to tomographic information on regional changes of brain activity, SCP amplitudes were, in addition to the analyses required for the replication study, subjected to current density analyses, that is, LORETA (Low-Resolution Electromagnetic Tomography; Pascual-Marqui et al., 1994) . Thereafter the individual LORETA solutions were statistically analyzed by means of statistical nonparametric mapping (SnPM) (Nichols and Holmes, 2002) .
Methods
Designed as a replication study, all procedural aspects have been kept identical to the initial experiments, with the exception of the type of reference used for the EEG recordings.
Subjects
Fifteen right-handed healthy female subjects volunteered for this study. Written informed consent was obtained from each participant before the experiment. Because the original study revealed that the observed SCP differences are correlated with the subject's emotional reactivity and that the percentage of emotionally highly reactive males was extremely low (1 of 9) (leading to the exclusion of all males from between-group ANOVAs), only female participants were investigated in this replication. All subjects were students enrolled in regular university programs and were between ages 19 and 30 years (mean ϭ 24.7).
Stimulus material The cognitive (reasoning) task
With each individual task item, a subject was given a series of numbers arranged according to some mathematical rule and asked to choose the number which continued the sequence (see examples below) by pushing the corresponding button of the response box. A multiple-choice format (one correct and three plausible-looking answers) was chosen to minimize correct answers given by chance.
The two samples below are given in the presentation format actually used (for demonstration purposes here, correct choices are underlined): 3  5  9  15  23  33  45  55  57  58  59   26  21  19  17  12  10  8  6 3 Ϫ2 Ϫ5
All of the task items used in the experiment were pretested extensively and were classified into two types: solvable, with a construction rule detectable within a median time of 18 sec (examples listed above); and extremely difficult or "unsolvable," for which correct answers were never given in less than 2 min by highly experienced testers. The following two examples are of the latter type: (a) 
Total set of task items
The first 50 items presented during the experiment were all of the solvable type. In the succession of the following 20 trials, 10 solvable, and 10 unsolvable items were interspersed randomly, and from trial 71 to trial 106 only unsolvable items were presented.
Procedure
Subjects were given a practice session, consisting of only solvable items, 2 or 3 days prior to their testing in order to familiarize them with the tasks and, primarily, to make them feel competent in performing this type of cognitive task. In order to record the SCP changes that accompany task processing during the experiments, 22 Ag/AgCl electrodes were attached to the scalp using electrode adapters and collodion glue (see Bauer et al., 1989) at the approximately equidistant locations Fp1Ј, Fp2Ј/F7Ј, F3Ј, Fz, F4Ј, F8Ј/T3Ј, C3Ј, Cz, C4Ј, T4Ј/T5Ј, P3Ј, Pz, P4Ј, T6Ј/O1Ј, Oz, O2Ј/M1, M2; marked positions corresponding only approximately to the international 10 -20 electrode system locations. In order to achieve similar montages across subjects, an individually adjustable "application cap" (grid of elastic bands) was used to keep electrode adapters in place during the gluing process (Bauer, 1998) . After removing the application cap, 3D coordinates of all electrode adapter locations were measured by means of a photogrammetric 3D scanner (3D-PHD; Bauer et al., 2000) . The skin was scratched at each location, the adapter filled with degassed electrolyte, and an electrode, prefilled with electrolyte, was attached (Bauer et al., 1989) . This method assured electrode impedance values of Յ1k⍀ and, together with the equipment, sufficiently stable DC-EEG recordings.
As the key deviation from the original study (Fretska et al., 1999) , all EEG recordings were referenced to the noncephalic "sternovertebral" site, that is, to the common end of an adjustable voltage divider (5k⍀ potentiometer) that linked skin locations above the seventh vertebra and the right manilum sternum (Stephenson and Gibbs, 1951) . These skin sites were prepared in the same manner as all the other electrode sites and the potentiometer was adjusted on the basis of visual inspection so that ECG amplitude components became minimized in the EEG channels. In order to compensate for eye movement artifacts postexperimentally, the vertical EOG (electrodes below and above the right eye) and the horizontal EOG (electrodes at the outer canthi) were recorded bipolarly. All signals were recorded within a frequency range of DC to 30 Hz and sampled at 125 Hz for digital storage. During the experiment, subjects were seated in a comfortable chair in a sound-attenuated, dimmed room equipped with an intercom to the experimenter. Subjects initiated the presentation of each item on a computer monitor by pressing the start button of a five-button response box after fixated viewing of crosshairs on the screen for at least 5 s; items appeared with a 2-s delay. Sixty practice trials were given at the beginning of the experiment to automate the subjects' handling of the response box with their index and middle fingers of both hands. Trials were terminated either by the subjects responding by pushing the appropriate button or automatically after 90 s. After termination, subjects were informed whether the response was "correct" or "incorrect" via the computer monitor for 2 s; automatic termination triggered "incorrect."
As a general instruction, subjects were told that the items would become more difficult in the course of the experiment, but that all were, in principle, solvable, and that there were only two categories of difficulty. Additionally, subjects were instructed not to guess and were only allowed to cancel a trial if convinced that they would be unable to find the solution. In order to increase subjects' motivation, they were informed that the number of correct responses, especially those to the difficult items, would control the duration of the experiment.
The particular sequence of items, that is, first solvable and then unsolvable ones, was held constant with all subjects in order to enhance response differences, as only this ordering would ensure that the experience of being competent in doing this particular task would evolve into a feeling of being unable to solve items which appeared superficially similar. The practice session, 2 days prior to the EEG experiment, was expected to achieve the same effect.
Immediately after the end of the experiment, subjects were told the actual difficulty of the items and then asked to complete a questionnaire. The questionnaire covered the subjects' general motivation, experience of control when dealing with the solvable items, and the type and strength of feelings experienced when processing the unsolvable items; all ratings were given on a scale of levels (ϩ ϩ, ϩ, Ϫ, Ϫ Ϫ). Subjects were also asked to state how many of the unsolvable items they seriously tried to solve.
SCP analysis
Prior to any processing of the SCP data, weighted vertical and horizontal EOG signals were subtracted from each EEG channel trial per trial, in order to compensate for eye movement artifacts. Subject-and channel-specific weights separated for the vertical and the horizontal EOG were calculated as the ratio of the covariance of the EEGs and EOGs and the variance of the EOGs. These values were recorded in two preexperimental calibration trials in which subjects performed voluntary vertical and then horizontal eye movements (Bauer and Lauber, 1979) . Additionally, Note. Scale is as follows: 1 ϭ total disagreement and 4 ϭ total agreement.
trials were tagged to be skipped if judged by visual inspection to contain artifacts. This procedure has proven appropriate in several SCP studies (e.g., Bauer et al., 1992; Lamm et al., 2001) .
According to the various conditions during the course of the experiment, particular sets of single-trial data were selected and averaged separately for each subject, that is, data of items 1-50 [induction of control ("Induction")], items 1-25 ("Induction1"), items 26 -50 ("Induction 2"), of all unsolvable items [withdrawal of control ("Withdrawal")], of unsolvable items among trials 51-80 ("Withdrawal 1"), and finally of items 81-106 ("Withdrawal 2"). For statistical analyses, SCP-amplitude values of 20 electrode locations (the same mentioned above except for the two mastoids, M1 and M2) of each subject were computed at a latency centered at 5 s, as averaged over 250-ms periods relative to prestimulus baselines of a duration of 1000 ms.
Statistical analysis

Introspective data
These data were subjected to descriptive statistics and to a factor analysis in order to describe general response dimensions, after questionnaire data had been recoded with the numbers 1 to 4, that is, 1 ϭ Ϫ Ϫ (total disagreement), 2 ϭ Ϫ (disagreement), 3 ϭ ϩ (agreement), and 4 ϭ ϩ ϩ (total agreement).
Behavioral data
Descriptive statistics were applied to the reaction-time data, whereas inference statistics were investigated using Wilcoxon's matched pairs signed ranks tests as well as the Mann-Whitney U tests for group differences (emotionally high/low). Fig. 4 . Changes of activation across conditions Induction 1, Induction 2, Withdrawal 1, and Withdrawal 2 (rows) for emotionally lowly (left column) and highly (right column) responsive subjects. Brain slices of maximum activity are shown wherein localization is given as (x, y, z) coordinates in Talairach space and graphically indicated by black triangles on the coordinate axes (see also Table 2 ). In order to emphasize the difference between the Highs in the two Withdrawal conditions, identically localized brain slices are shown (lower two on the right). Activity amplitudes have been standardized to a maximum LORETA value of 0.005. With the Lows (left), the maximum remains located in the anterior cingulate, although it has a lower LORETA value during Withdrawal 2. With the Highs, the anterior cingulate activity shows a sharp decline during Withdrawal and the maximum activity is shifted to the right (Withdrawal 1) and left (Withdrawal 2) superior temporal gyrus, respectively (BA 22, Wernicke area).
Physiological data
SCP data were examined in several steps: First, the influence of the mastoid reference was tested by a repeatedmeasures analysis of variance (ANOVA). Second, possible differences between the data of the Fretska et al. (1999;  Study 1) and our study (Study 2) were analyzed by means of repeated-measures ANOVAs. Third, the similarity of Study 1 and Study 2 concerning SCP differences between groups among conditions was assessed via a priori contrasts on Study 2 data. Analyses were performed on raw and scaled (z-transformed) data (Mc-Carthy and Wood, 1985; Haig et al., 1997) , because overall SCP differences as well as differences in topographical pattern were of interest. Nonsphericity adjustment of degrees of freedom was done with the Greenhouse-Geisser correction (level of significance: P Ͻ 0.05).
Finally, the pooled data set of both studies was subjected to detailed tomographic analyses. Because SCP topographies enable, due to the volume conduction properties of the human head, only a blurred view of their generating activity structure within the cortex, LORETA (Pascual-Marqui et al., 1994) was used to sharpen this view. Statistical inferences were based on SnPM (Holmes et al., 1996; Nichols and Holmes, 2002) .
Low-resolution electromagnetic tomography
The LORETA-KEY full software package (version 02; R.D. Pascual-Marqui, KEY Institute for Brain-Mind Research, University Hospital of Psychiatry, Zürich) was used for the quantitative localization of neural activity (PascualMarqui, 1995) . Stated simply, cortical LORETA solutions are the smoothest current density distributions possible within the space of cortical gray matter that correspond to given scalp potential topographies. Local current density values can be taken as activity measures. With all LORETA calculations, a three-shell spherical head model, registered to the Talairach Human Brain Atlas (Talairach and Tournoux, 1988 ) and available as digitized MRI from the Brain Imaging Centre [Montreal Neurologic Institute (MNI)], as well as registration between spherical and realistic head geometry (Towle et al., 1993) , was used. The solution space was restricted to the cortical gray matter and hippocampus, with a total of 2394 voxel at 7-mm spatial resolution.
As an initial descriptive step, LORETA (Pascual-Marqui, 1999) was applied to the grand mean SCP topographies of the high (Highs) as well as the low (Lows) emotionally reactive subjects (pooled data) of each condition (Induction 1, Induction 2, Withdrawal 1, and Withdrawal 2). We expected that task processing would be accompanied by activities of the classical language reading system, that is, parts of the superior temporal lobe, the inferior parietal lobule (Lecours et al., 1983) , as well as inferotemporal structures, as they are involved in visual processing of written words (Binder et al., 1992; Damasio and Damasio, 1983) . We also expected activity in the inferior parietal lobule, because previous neuropsychological studies and imaging studies have emphasized its crucial role in number processing (Dehaene and Cohen, 1997; Gerstmann, 1940; Takayama et al., 1994) . The same holds for the dorsolateral prefrontal and parietal areas (working memory) (Cabeza and Nyberg, 2000) and the anterior cingulate, which is inter alia engaged in response selection and demanding information processing (Devinsky et al., 1995; Duncan and Owen, 2000) .
Thereafter, LORETA values, based on the single subjects SCP averages (pooled data) of Induction 2 and Withdrawal 2, were calculated in order to run inference-statistical analyses by means of SnPM.
Statistical nonparametric mapping analysis
SnPM (Holmes et al. 1996; Nichols and Holmes, 2002) was used to provide statistical support for the interpretation of the tomographic data. To this end, LORETA difference values between Withdrawal 2 and Induction 2 (labeled as Switch, i.e., switching from controllability to loss of control) were calculated voxel by voxel, separately for all subjects. These data were subjected to a two-group (Highs and Lows), one scan per subject (Switch) analysis using the SnPM toolbox. The confounding effect of global activity was removed by means of an ANCOVA-style global normalization. According to the low degrees of freedom, variance smoothing of 7 mm FWHM was used, hence a pseudo t statistic was calculated (Nichols and Holmes, 2002) . As this nonparametric approach works on the basis of randomization tests, that is, group differences were tested against 1500 permutations (randomly chosen group configurations), the multiple comparisons problem implicit in the standard voxel-by-voxel hypothesis testing framework is inherently accounted for (Nichols and Holmes, 2002; Holmes, 1996) .
Results
Analysis of Study 2 data
Introspective data
According to the postexperimental questionnaire, all subjects of Study 2 were highly motivated and performance oriented (see Table 1 ). The Induction items were considered to be easy and induced the feeling of controllability. By the first appearances of unsolvable tasks, most participants felt stimulated, whereas the continuous confrontation of unsolvable items generated feelings of demotivation. However, on average, subjects seriously struggled to find a solution for the unsolvable tasks up to the 86th item.
A varimax-rotated factor analysis revealed three factors (eigenvalue Ͼ1.6) explaining approximately 68% of total variance. Two of these three factors were nearly identical with the factors found in the Fretska et al. (1999) study; the same labels shall therefore be used: demotivation due to (5) 31 (5)) paracent lob confrontation with unsolvable tasks (loading in the following items: Feelings of demotivation and Depressive feelings) and achievement motivation (loading in the following items: Importance of overall good performance, Perceived control during solvable items, and Importance of solving at least some of the difficult items). The third factor had high positive loadings in the items Difficulty of solvable items and Demotivation by the first unsolvable items, and a high negative loading in Feelings of being stimulated by the first unsolvable items, therefore it was labeled competence. The categorization into high emotionally reactives; (Highs; N ϭ 4) and low emotionally reactives (Lows; N ϭ 8) was achieved according to the factor demotivation; thus groups of Study 1 and Study 2 are comparable. A MannWhitney U test comparing questionnaire scores of the 4 Highs and 8 Lows pooled within factors demotivation, achievement motivation, and competence per subject reached significance (P Ͻ 0,004) only with the demotivation factor. The two groups, therefore, clearly differed in the extent of demotivation and depressive feelings especially during Withdrawal 2, but did not differ in the other two extracted factors.
Behavioral data
During the Induction stage, subjects of Study 2 achieved 93% correct answers on average (minimum 67%, maximum 100%). The items of the Withdrawal condition were solved correctly at an average rate of 7% (minimum 0%, maximum 27%). There were no observable differences between emotionally highly and lowly reactive subjects in this respect.
The median reaction time of Induction 1 was 16.8 and 13.8 s during Induction 2. In Withdrawal 1, the median reaction time was 40.8 s, and longer in Withdrawal 2, at 44.9 s. The only significant difference between highly and lowly reactives was during Induction 2, with median reaction times of 14.1 and 15.5 s respectively (Mann-Whitney U test, P Ͻ 0.036).
In summary, the fundamental difference between the groups of emotionally highly and lowly reactive subjects (Highs and Lows) was in the extent of their subjective feelings of demotivation and depression during Withdrawal.
SPT changes at 5-s latencies
Mastoid versus sternovertebral reference. In order to assess a possible influence of the reference sites on the recorded cortical potentials, a repeated-measures ANOVA [factors: Reference (sternovertebral and mastoid) ϫ Location (20)] was computed with raw and z-scaled data of Study 2. There was no significance concerning the factor Reference.
Differences between the two studies. In order to identify differences between the two studies an ANOVA for repeated measures [factors: Study (Study 1 and Study 2) ϫ Emotion (Highs and Lows) ϫ Control (Induction 1, Induction 2, Withdrawal 1, and Withdrawal 2) ϫ Location (20)] was performed on mastoid referenced data. With respect to Note. The various structures were selected via the LORETA-KEY software (Lancaster et al., 2000) , whereas the first two best matches are reported and values in parenthesis indicate the distance in millimetres to the closest gray matter region (Talairach coordinates: x: left/right; y: posterior/anterior; z: inferior/superior). Abbreviations: ant, anterior; inf, inferior; sup, superior; post, posterior; med, medial; mid, middle; paracent, paracentral; postcent, postcentral; front, frontal; temp, temporal; par, parietal; cing, cingulate; lob, lobule; g, gyrus). the interesting factor Study, there was no significant main effect with the raw data, but a significant interaction, Study ϫ Location [F (19.342) ϭ 2.604, ϭ 0.209, P Ͻ 0.043, N ϭ 22]. However, no other interactions with the factor Study (i.e., Study ϫ Emotion, Study ϫ Control, Study ϫ Location ϫ Emotion, Study ϫ Location ϫ Control, Study ϫ Location ϫ Control ϫ Emotion) reached significance, nor was there any observable trend (defined as P Ͻ 0.100). ANOVAs of z-scaled data also revealed no significant or trendlike effect for the factor Study. Therefore nothing pointed against pooling the two data sets to achieve better statistical power. The significant twofold interaction Study ϫ Location could be neglected because the interesting factors Emotion and Control were not affected, as their threeand fourfold interactions were not significant.
The similarity of topographic changes across conditions in Study 1 and Study 2 was additionally emphasized by a priori contrasts calculated independently for Highs and Lows. Using z-scaled data of Induction and Withdrawal the linear contrast at locations T3Ј, C3Ј, Cz, C4Ј, T4Ј/T5Ј, P3Ј, Pz, P4Ј, T6Ј/O1Ј, Oz, O2Ј was significant with the Highs [F (1.10) ϭ 14.799; P Ͻ 0.003, N ϭ 4] but not with the Lows [F (1.10) ϭ 3.042; P Ͻ 0.112, N ϭ 8]; the same is true at the frontal sites Fp1 and Fp2 [Highs: F (1.10) ϭ 9.525; P Ͻ 0.012, N ϭ 4; Lows: F (1.10) ϭ 1.580; P Ͻ 0.237, N ϭ 8].
Analysis of the pooled data
The pooled data set of Study 1 and Study 2 consisted of responses of 10 highly reactive participants and 12 lowly reactive participants. The grand mean evoked SCPs observed in the various groups and conditions are shown in Fig. 2 .
Localization and identification of involved cortical regions
By means of the LORETA algorithm (Pascual-Marqui, 1994) those cortical structures were identified that predominantly generated the scalp topographies. Figure 3 and Table  2 summarize these descriptive results that resemble the expected outcome. Figure 4 and Table 2 emphasize the anterior cingulate cortex (BA 32) as the structure of highest activity in both groups and all conditions except for the Highs during Withdrawal 1 and Withdrawal 2; activity maxima in these conditions were found in the right and left superior temporal gyri, respectively (BA 22, Wernicke area).
Statistical differences between Highs and Lows, SnPM results
The nonparametric analysis of the LORETA difference values (Switch) revealed a significant difference between Highs and Lows at three particular voxels (critical threshold ϭ 3.596, Pseudo-t max ϭ 3.84, P ϭ 0.033; df ϭ 19) at Talairach coordinates: x ϭ Ϫ3, y ϭ 17, z ϭ 29, that is BA 24, cingulate gyrus (see Fig. 5 ).
Discussion
As this replication study led to a pooled set of observations that includes only data of female subjects, results and interpretations cannot be generalized for gender. As has already been shown by Fretska et al. (1999) and as is again apparent here in behavioral observations and introspective data, the experimental manipulations, that is, the induction of helplessness by the transition from solvable to unsolvable items, was effective. All subjects processed items correctly and promptly during Induction, whereas during Withdrawal, reaction times were more than twice as long and correct answers were given only by accident. According to the introspective data though, two groups of subjects emerged: one group (Highs) was characterized by subjects who reported clearly and strongly classical signs of learned helplessness, that is, demotivation and depressive feelings, whereas in the other group (Lows) these signs were quite weak. Although persistent confrontation with unsolvable items led to these characteristic feelings within the group of the Highs, it was as important to them as to the Lows to solve at least some of the difficult items. Also there was no difference in reaction time values of the Withdrawal conditions between Highs and Lows. Induction items, in contrast, were judged as being easy by both groups and induced the experience of controllability.
One goal of this study was to test whether the activity of the inferior and ventral surface of the temporal lobes contributes to the generalized positive-going potential shift ob- served by Fretska et al. (1999) during withdrawal of control. The present study, however, did not indicate any difference between the mastoid and the sternovertebral reference. This observation indicates that the generalized positive-going potential shift during withdrawal of control obviously has another origin, and the data sets were analyzed with this in mind.
These analyses revealed, first, that only the emotionally highly reactive subjects showed significant SCP changes across experimental conditions, due to a broad positivegoing potential shift that covered occipital and parietal regions during Withdrawal 1 and became even more pronounced and extended to frontal regions during Withdrawal 2. Second, the scalp potential of the Highs became more negative at frontopolar sites during withdrawal of control, and, once again, there was no such change with the Lows. Furthermore, there was no substantial topographic difference between the data sets of the Fretska et al. (1999) study and the present study, allowing pooling of the data sets.
Taking these SCP changes as signs of brain activity changes that accompany learned helplessness, neuroanatomical localization of the pooled data by means of LORETA identified, first at a descriptive level, the anterior cingulate as responsible, because this structure showed a sharp activity decline during withdrawal of control with Highs but was equally active in both groups in all other conditions. The statistical analysis by means of SnPM supported this view and indicated that the cingulate gyrus (BA 24) is a key structure in learned helplessness through a significant and highly localized difference between Highs and Lows.
To summarize, it appears that there were no significant changes across conditions for lowly reactive women. Highly reactive women, however, switched off a region of the brain that is indispensable for goal-directed handling of tasks, whereas regions that are primarily engaged in processing the task stimuli (Lecours et al., 1983; Damasio and Damasio, 1983; Binder and Mohr, 1992) were even more active during loss of control. These neurophysiological observations are in line with the behavioral outcome of the study, for example, feelings of demotivation already reported by Seligman (1995) or signs of depression as described in the Diagnostic and Statistical Manual of Mental Disorders (American Psychiatric Association, 1995) and in Elliott et al. (1996) . These finding are consistent with observations of patients with bilateral lesions of the anterior cingulate who show akinetic mutism, that is, are profoundly apathetic, do not typically speak spontaneously and answer questions in monosyllables, if at all (Barris and Schuman, 1953; Fesenmeier et al., 1990; Nielsen and Jacobs, 1951) . Moreover, decreased prefrontal rCBF is also a common observation in depression (e.g., Austin et al. 1992; Bench et al., 1993; Baker et al., 1997; Elliott et al., 1997) . Using PET, Baker et al. (1997) found attenuated activation in the anterior cingulate, prefrontal, and premotor cortex associated with depressed mood; decreased rCBF in the dorsolateral prefrontal and premotor cortex correlated with psychomotor retardation, whereas decreases in the medial prefrontal cortex correlated with cognitive impairment. Elliott and coworkers (1997) scanned patients with unipolar depression and healthy controls with PET while patients performed Tower of London problems. The task engaged a network of prefrontal cortex, anterior cingulate, posterior cortical areas, and subcortical structures in normals, whereas depressed patients failed to show activation in the cingulate. The authors conclude ". . . that anterior cingulate dysfunction may constitute the fundamental cortical manifestation of depression".
We only can speculate about the lack of anterior cingulate differences in the one comparable rCBF study by Schneider et al. (1996) . One reason may be due to fact that their experimental setting was not as compelling as in our study and that the "manipulation check" on the mental level showed rather homogeneous responses within a narrow range. Additionally, the balanced sequence of conditions (solvable/unsolvable items) would be expected to reduce response differences because, as classical helplessness experiments have shown, the error rate with solvable tasks is higher after a series of unsolvable ones (Seligman, 1995) . Third, as the ratio of highly responsive subjects is extremely low with males, and 8 of the 12 volunteers of the Schneider et al. (1996) study were male, the number of highly responsive subjects was probably quite small, when extrapolating from Fretska et al. (1999) . These factors combined may have led to an initial but not fully developed helplessness response in the Schneider et al. (1996) study that did not reach down-regulation of anterior cingulate activity. Garcia and coworkers (1999) reported a reduction of prefrontal spontaneous neuronal activity in rats with the presence of a conditioned aversive tone as a function of the degree of fear. This reduction of prefrontal activity is related to increased amygdala activity and the data also indicated that, in the presence of a fear stimulus, the amygdala controls both fear expression (e.g., freezing) and prefrontal neuronal activity in a parallel manner. This control of prefrontal activity additionally seems to be indirect because direct projections from the basolateral nucleus of the amygdala via pyramidal cells use excitatory neurotransmitters (McDonald, 1987) . Observations in animals that aversive stimuli activate the dopaminergic system in the medial prefrontal cortex and amygdala lesions suppress this activation (Davis et al., 1994; Goldstein et al., 1996) and that dopaminergic system activity decreases prefrontal activity (Ferron et al., 1984; Mantz et al., 1988) , suggest that this control runs via amygdalofugal fibers to the brainstem dopaminergic ventral tegmental area (Gonzales and Chesselet, 1990) . Davidson and coworkers (2002) , in an extensive review on the neural circuitry underlying the representation and regulation of normal emotion and mood, characterize the anterior cingulate cortex function as "critically involved in conflict monitoring and activated whenever an individual is confronted with a challenge that involves conflict among two or more response options". According to Carter et al. (1999) the anterior cingulate monitors the conflicts among brain regions and issues calls for further processing to the PFC that then guides behavior toward a goal. Learned helplessness might then be seen a state in which this function of the anterior cingulate is no longer maintained, perhaps due to the inhibitory influence of the amygdala. LORETAs of our scalp EEG topographies showed convincing reduction of anterior cingulate cortex activity as part of the learned helplessness reaction and the Schneider et al. (1996) study, possibly not reaching a fully blown learned helplessness reaction, demonstrated at least enhanced amygdala activity with a similar type of unsolvable cognitive tasks.
